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DP300214 

CROSS LINK INTRA- VEHICULAR DATA COMMUNICATION 
USING A FIELD COUPLED TRANSMISSION LINE 

TECHNICAL FIELD 

[0001] This invention relates generally to a system and method for 

coupling a signal into and out of a vehicular communications channel. 

BACKGROUND OF THE INVENTION 

[0002] Common braid-shielded coaxial cable is typically comprised of 

an outer cylindrical conducting shell which is coaxial with an inner cylindrical 
conductor, thus forming an annular space therebetween. The annular space is 
usually filled with a low loss dielectric acting as the medium of propagation of 
a signal along the cable. Within the coaxial cable the dominant mode 
transverse electric and magnetic fields (TEM) of the signal propagate along the 
cable with the electric field radial to the inner conductor and terminating at the 
braided outer conductor. At high frequencies, gaps within the braided outer 
conductor allow a portion of the electric field of the propagating signal to leak 
out of the cable and terminate on the outer side of the braided layer. Normally, 
this leakage of the signal is undesirable. It leads to degradation or attenuation 
of the propagating signal along the length of the cable. Also, two coax cables 
placed in close proximity to one another and suffering from the above leakage, 
give rise to what is commonly known as "cross talk," i.e., the coupling of a 
signal propagating in one cable into the other cable and vice versa. Such cross 
talk leads to undesirable interference between signals in a communications 
network. 



SUMMARY OF THE INVENTION 

[0003] Signal leakage in a communications network may be utilized to 

advantage by purposely coupling a signal propagating along one 
communications channel into another, adjacent channel for transmission 
therealong; or conversely, by "listening" to a signal leaking out of a channel, 
i.e., as in a "wiretap," and profitably utilizing the leaked signal. The above 
coupling of signals between channels may be accomplished without physical 
penetration of the subject channel, thus minimizing the need for direct 
mechanical or electrical connections. In addition, multiple couplings can be 
accomplished and done so over any network topology. 
[0004] Thus, a vehicular communications network offering low cost, 

high speed and robust communications is presented. The vehicular 
communications network comprises a communications channel for propagating 
a signal therealong; a nodal communications system; and a signal coupling 
system coupled to the communications channel and to the nodal 
communications system for coupling a signal between the communications 
channel and the nodal communications system. 

DESCRIPTION OF THE DRAWINGS 

[0005] Fig. 1 is a diagrammatic representation of a coaxial cable; 

[0006] Fig. 2 is a generalized schematic representation of a 

communications network including a signal coupling system coupling a nodal 
communications system to a communications channel; 

[0007] Fig. 3 is a top view of a generalized schematic representation of 

the signal coupling system of Fig. 2; 

[0008] Fig. 3A is a side view of the generalized schematic 

representation of the signal coupling system of Fig. 2; 

[0009] Fig. 4 is a top view of the generalized schematic representation 

of the signal coupling system of Fig. 2 including an enclosure and an isolator; 
[0010] Fig. 4 A is a side view of the generalized schematic 

representation of the signal coupling system of Fig. 2 including an enclosure 
and an isolator; 
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[0011] Fig. 5 is a graphical representation of the leakage from a coaxial 

cable of a propagating signal as a function of frequency; 
[0012] Fig. 6 is a generalized schematic representation of a 

communications network having a bus topology including a plurality of signal 
coupling systems coupled thereto; 

[0013] Fig. 7 is a generalized schematic representation of a 

communications network having a star topology including a plurality of signal 
coupling systems coupled thereto; and 

[0014] Fig. 8 is a generalized schematic representation of a 

communications network having a ring topology including a plurality of signal 
coupling systems coupled thereto. 

[0015] Fig. 9 is a generalized schematic representation of a 

communications network having a mesh topology including a plurality of 
signal coupling systems coupled thereto. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 6] A description of the preferred embodiments will now be had 

with reference to Figures 1 through 9 of the drawings. In Figure 1 a typical 
coaxial cable 100 is shown. The coaxial cable 100 comprises a inner 
cylindrical conductor 102 surrounded by a dielectric material 104. The 
dielectric material 104 is in turn enveloped by a braided outer cylindrical 
conductor 106 and the entire arrangement is encompassed by a insulating cover 
108. The dielectric material 104 acts as the medium of propagation of a signal 
along the coaxial cable 1 00. 

[0017] In Figure 2, a generalized communications network 200 is 

shown. The communications network 200 comprises a communications 
channel 202 having a characteristic impedance, Z 0 . The communications 
channel 202 is terminated at a first impedance 204 connected to a first end of 
the communications channel 202 and at a second impedance 206 connected to 
a second end of the communications channel 202. The communications 
network 200 further comprises at least one signal coupling system 300 coupled 
to the communications channel 200 and to at least one nodal communications 
system 400 providing thereby signal communication between the 



communications channel 202 and the nodal communications system 400. The 
first impedance 204 and the second impedance 206 typically possess an 
impedance, Z c , equal to the characteristic impedance, Z 0 , of the 
communications channel 202 in order to minimize the generation of standing 
waves in the communications channel 202. The first impedance 204 and the 
second impedance 206 may also comprise a transmitter and a receiver whereby 
the transmitter directs a signal to the receiver along the communications 
channel 202. Furthermore, the communications channel 202 may be one of a 
number of types of communications channels such as the coaxial cable 100 as 
shown in Figure 1 . 

[0018] In Figures 3 and 3A the signal coupling system 300 is shown 

coupled to the communications channel 202 and to the nodal communications 
system 400. The signal coupling system 300 couples sufficient signal energy 
into or out of the communications channel 202 to support reliable 
communications for a given modulation scheme. The signal coupling system 
300 utilizes a slot to microstrip line transition for coupling a signal, S, either 
from the communications channel 202 into the nodal communications system 
400 or from the nodal communications system 400 into the communications 
channel 202. The signal coupling system 300 comprises a field coupling 
device 306 including a ground plane 314, a microstrip line 312, and a dielectric 
base 310, such as a printed circuit board (PCB). 

[001 9] The dielectric base 3 1 0 is positioned between the ground plane 

314 and the microstrip line 312 and the ground plane 314 is positioned between 
the dielectric base 310 and the communications channel 202. The ground plane 
314 includes a slot 316 of a specified width, w, and length, L. The width of the 
microstrip line 312 controls the characteristic impedance of the microstrip line 
312. For a given substrate thickness and dielectric constant, there is a specific 
width associated with, for example, a 50 Ohm microstrip line. In conjunction 
with the slot 316 to microstrip line 312 crossover location, the widths thereof 
provide adjustable parameters to facilitate impedance matching. The 
microstrip line 312 is positioned across the slot 316 at approximately 90 
degrees for maximum field coupling between the slot 316 and the microstrip 
line 312. The microstrip line 312 is also positioned near the open end 316a of 



the slot 316. The length of the slot 316 is substantially equal to one fourth of 
the wavelength (A/4) of the signal coupled between the communications 
channel 202 and the nodal communications system 400. 
[0020] Signal leakage from communications channel 202, such as the 

coaxial cable 100, drives high frequency currents on the outer side of the cable 
braid 106. These currents excite magnetic fields which encircle the coaxial 
cable 100 in a direction orthogonal to the axis of the cable. These magnetic 
fields are co-axial with the slot 316 and thus excite the slot 316. The slot 316 
has maximum coupling at frequencies were its length, L, is (2N+1) quarter 
wavelengths (N=0,l,2,. . .). The impedance of the slot 316, where its length is 
one quarter wavelength (N=0), will range from zero Ohms at the shorted, or 
closed end 3 16b, to infinity at the open end 3 16a. To match the impedance of 
the microstrip line 312 to the slot 316 usually requires locating the microstrip 
line 312 near the open end 3 1 6a of the slot 316. The microstrip line 312 
crosses the slot and is terminated to ground by way of a grounding connection 
312a. This shorts the microstrip line 312 and creates high signal currents, 
which excite magnetic fields encircling the microstrip line 312 and are co- 
linear with the magnetic field within the slot 316 and hence couple strongly. 
This is the reason for having the microstrip line 312 cross the slot 316 at 
substantially 90 degrees. This coupling mechanism is efficient and compact. 
[0021] The communications channel 202 is positioned perpendicular to, 

and substantially at the mid point of the length of the slot 316. Thus, as an 
example, leakage from a signal, S, propagating along the communications 
channel 202, is coupled out of the communications channel 202 through the 
slot 316, into the microstrip line 312 (spanning the slot 316) and into a 
communications circuit 322 for further propagation, at 308, to the nodal 
communications system 400. The transition from the microstrip transmission 
line 312 into the slot 316 used in this example to "listen" to the 
communications channel is compatible with surface mount electronics 
technology. 

[0022] Figures 4 and 4A further depict the field coupling device 306 of 

Figure 3 and 3 A. The field coupling device 306 is contained within a 
"clamshell" like enclosure 318. Included in the enclosure 318 is an isolator 



such as split-ferrite beads 302, 304 for suppressing both electro-magnetic 
interference and unwanted propagation of signals along the outer side of the 
communications channel 202. The enclosure 318 encompasses or envelopes 
the communications channel 202 and the field coupling device 306 and serves 
to confine the communications channel 202 near the midpoint (L/2) of the 
length of the slot 316. The optimal location of the communications channel 
202 must be determined experimentally. The actual location will likely be 
between the midpoint of the slot 316 and the open end 316a of the slot 316. 
[0023] The utility of the present invention can be seen with reference to 

Figure 5. Therein depicted is a graphical representation of the power, in dB, of 
the leakage of a signal, S, propagating along a coaxial cable as a function of 
signal frequency,^ in Ghz. As seen in Figure 5, the power of the leakage 
signal, as designated by the reference numeral 500, increases approximately 
linearly from about 1 Ghz and begins to depart from the noise signal 600 at 
approximately 2 Ghz and thus is thereafter available for useful processing 
thereof. 

[0024] It will be appreciated from Figures 6, 7, 8 and 9 that the signal 

coupling system 300 of the present invention is operative in conjunction with 
any one of a plurality of network topologies. For instance, Figure 6 depicts a 
plurality of the signal coupling systems 300 deployed in a bus topology. 
Figure 7 depicts a plurality of the signal coupling systems 300 deployed in a 
star topology. Figure 8 depicts a plurality of the signal coupling systems 300 
deployed in ring topology and Figure 9 depicts a plurality of the signal 
coupling systems 300 deployed in mesh topology. 

[0025] It will also be appreciated that higher signal frequencies are 

required for adequate coupling thereof between the communications channel 
202 and the nodal communications system 400. This provides an opportunity 
for increased bandwidth for digitally modulated carrier signals, giving rise to 
enhanced data rates. In addition, the large bandwidth of a coaxial 
communications channel can support simultaneous usage of multiple nodal 
communications systems 400 operating at separate frequencies. Because the 
leakage signal attenuates rapidly with increasing distance from the coaxial 



cable, this system can coexist with other high frequency systems without 
interaction. 

[0026] The field coupling mechanism described herein utilizes a slot to 

microstrip line transition. The principal coupling mechanism is by field 
coupling (similar to transformers by analogy) which minimizes signal 
propagation through air and confines communication to within the coaxial 
cable. However, this invention also envisions the use antennas, e.g., 
microstrip antennas, to couple the signal between the communications channel 
202 and the nodal communications system 400. 
[0027] Thus from the foregoing description the vehicular 

communications network provides a signal coupling system that eliminates 
connections that require penetration of the coaxial cable, is rugged, lightweight, 
flexible, easy to service and inexpensive. In addition the system is capable of 
high data rates in both digital and analog modulation schemes and 
simultaneously supports multiple nodal communications systems in signal 
communication therebetween on a single communications channel at multiple 
frequencies. 

[0028] While preferred embodiments have been shown and described, 

various modifications and substitutions may be made thereto without departing 
from the spirit and scope of the invention. Accordingly, it is to be understood 
that the present invention has been described by way of illustration only, and 
such illustrations and embodiments as have been disclosed herein are not to be 
construed as limiting the claims. 



